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(S) IMethod for operating a solid oxide fuel cell generator with lanthanum manganite elektrode. 

(57) A method for operating a power generator in which a solid oxide fuel cell is used as a 
power-generating element and an air electrode of the solid oxide fuel cell is composed of lanthanum 
manganite, the method involving the step of setting a heating rate and a cooling rate at least in a 
temperature range of 800°C to 900X at not less than 3X/min. when the fuel cell is heated up to an 
operating temperature at the time of starting the power generator and when the fuel cell is cooled from 
the operating temperature at the time of stopping the power generator. Altematively, the method 
involves the step of setting a partial pressure of oxygen, at least in a temperature range of 800°C to 
900X, in an atmosphere to which the air electrode is exposed, to at not less than 10 atms but not 
more than 10"^ atms when the fuel cell is heated up to an operating temperature at the time of startmg 
the power generator and when the fuel cell is cooled from the operating temperature at the time of 
stopping the power generator. 
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The present invention relates to a method for operating a power generator using a solid oxide fuel cell as 

a Dower-qeneratlng element. , . . 

Since the fuel oxide fuel cells fSOFC's) operate at a high temperature of around 1.000^. an electrode 
reaction is extremely active, and the SOFCs need no noble metal catalyst such as platinum. Further, their po- 

5 larization is low. and output voltage is relatively high. Thus, a energy-converting efficiency is far greater as 
compared with other fuel cells. In addition, since all the constituent materials are solid, the fuel oxide fuel cell 
is stable and has a long life. ... 

In order to develop SOFCs. it is important to look for materials stable at high temperatures. As a material 
for the air electrodes of the SOFC. sintered bodies of lanthanum manganite are considered promising (Energy 

10 General Engineering. 13, 2. pp 52-68. 1990). As such lanthanum manganite sintered bodies of the SOFC. lan- 
thanum manganite sintered bodies having a substantially stoichiometrical composition and lanthanum man- 
aanite sintered bodies in which a part of A-sites (lanthanum sites) are missing (manganese-rich composition) 
are known It is reported that the weight of lanthanum manganite sintered body in which a part of the A-sites 
are missing decreases when the temperature raises from room temperature to I.OOO'C (J. Etectrochem. Soc. 

15 138, 5. pp 1.519 to 1.523. 1991). In this case, the weight of the sintered body begins to decrease from near 

In particular. porous sintered bodies composed of lanthanum manganite doped with Ca or Sr at A-sites 
are reqarded as promising as materials for air electrodes involving self-supporting type air electrode tubes 
However, the present inventors first found out that such porous sintered bodies have the following prob- 

20 lems 

That is when the above SOFC is subjected to heating-cooling cycling between a temperature range of 
900°C to 1 1 00«C at which the SOFC generates electric power and a temperature range of room temperature 
to 600°C, cracking occurs between the air electrode tube made of the above porous sintered body and other 
constituent materials of a cell unit, which may result in fracture of the cell unit 
2S However, even when such a cell unit is operated at 1 .OOQOC for a long time, the above cracking did not 

occur at all. Therefore, it is considered that this phenomenon is caused not by shrinkage of the porous sintered 
bodv during the above firing but by the dimensional change during the heat cycling. 

It is an object of the present invention to afford stability against the above heat cycling upon the air elec- 

30 The present invention relates to a method for operating a power generator in which a solid oxide fuel cell 

is used as a power-generating element and an air electrode of said solid oxide fuel cell is composed of antha- 
num manganite, said method comprising the step of setting a heating rate and a cooling rate at least in the 
temoerature range of 800°C to 900»C at not less than 3»C/min. when the fuel cell is heated up to an operating 
temperature at the time of starting the power generator and when the fuel cell is cooled from the operating 

35 temperature at the time of stopping the power generator. 

The invention further relates to a method for operating a power generator in wrtiich a solid oxide fuel cell 
IS used as a power-generating element and an air electrode of said solid oxide fuel cell is composed of lantha- 
num manganite, said method comprising the step of setting the partial pressure of oxygen, at least in a tenn- 
oerature range of 800'C to 900-C. in an atmosphere to which said air electrode is exposed at not less than 

40 10-16 atms but not more than 1 0-i atms virfien the fiiel cell is heated up to an operating temperature at the time 
of starting the power generator and when the fuel cell is cooled from the operating temperature at the time of 

stopping the power generator. 

The present inventore subjected porous sintered bodies made of lanthanum manganite doped with Ca, Sr 
or the like at A-sites to heating/cooling cydes between 900»C and 1.100-C and between room temperature 
45 and 600°C, and examined their stability. As a result, it was found out that the above porous sintered body b 
shrunk in an amount of about 0.01 to about 0.1% per one heat cycle. In addition, it was found out that the shnnk- 
age of the porous sintered body in the heat cycling is not converged even by the heat cycles at lOOtimes. and 
that the porous sintered body is shrunk by a few or several percentages in the heat cycling at 100 tinries. If 
the air electrode is shrunk like this, cracking occure between the air electrode and other constituent materials 

so of the cell unit, which may cause fracture of the cell unit. 

The above mechanism is unclear at present However, it is presumed that oxygen comes in or out of crys- 
tals of lanthanum manganite in air in the temperature range of 800-C or more in the heat cycling, thereby caus- 
ina distortion of crystalline lattices and promoting material transfer of metallic atoms. 

Further the present inventors have advanced their research based on this knowledge. aiKl consequentiy 
ss they discovered that there is a clear correlattonship between an the dimensional shrinkage of the air elec^e 
and exchange of oxygen between lanthanum manganite and the atmosphere (gas phase) in the heat cycling. 

The present inventors confirmed that the above exchange of oxygen occur in the temperature range be- 
tween 800»C and 900»C. and the inventors have succeeded in suppressing dimensional shnnkage of the air 
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electrode in the heat cycling by restraining the transfer of the material in lanthanum nranganite through increas- 
ing the heating rate on starting and the cooling rate on stopping, at least in the temperature range of 800**C 
to 900«C. 

More specifically, for this purpose, it is effective to set the heating rate and the cooling rate at not less 

5 than 3X/mln. If the heating rate or the cooling rate is less than 3*»C/min., the effect of suppressing the dimen- 
sional shrinkage in the heat cycling is not conspicuous. In this sense, the heating rate and the cooling rate are 
preferably set at not less than 12*C/min. In this connection, it is impractical under consideration of a large heat 
capacity of an actual system to set the heating rate and the cooling rate at more than 15**C/min. Further, it is 
preferable that the heating rate and the cooling rate are set at not less than 3^C/min. and not more than IS^'C 

10 in the temperature range of 700*»C to 900X, and it is more preferable that the heating rate and the cooling 
rate are set at not less than 3*»C/min. and not more than 15<»C in the temperature range of 600'C to 1,00OX. 

The heating rate may be adjusted by preliminarily heating an oxidative gas to be introduced into an oxidative 
gas flow path. The cooling rate may be adjusted by increasing the flow rate of the oxidative gas to be introduced 
into the oxidative gas flow path or by Introducing a cooling gas into the oxidative gas flow path. 

f 5 Furthermore, the present inventors have succeeded in preventing the dimensional shrinkage of the porous 

sintered body in the heat cycling by suppressing absorption of oxygen Into the porous sintered body by lowering 
the partial pressure of oxygen, at least in the temperature range of 800°C to 900C, in the atmosphere to which 
the air electrode is exposed. More specifically, if the above partial pressure of oxygen is more than 10-^ atm. 
an effect of suppressing the dimensional shrinkage of the porous sintered body is not conspicuous. In this 

20 sense, it is more preferable that the above partial pressure of oxygen is set at not more than 5 x 10-^ atm. If 
the above partial pressure of oxygen is less than 10-^^ gtm, there is a fear that lanthanum manganite is de- 
composed. From the standpoint of stability of lanthanum manganite, the above partial pressure of oxygen is 
preferably not less than ^0-^ atm. Further, it is more preferable that the above partial pressure of oxygen is 
not more than 10"^ atm and not less than 10-^5 atm in the temperature range of 700*»C to SOO^C, and it is much 

25 more preferable that the partial pressure of oxygen is not more than 10-^ atm and not less than 10"* atm in 
the temperature range of 600^C to 1,000°C. 

To set the heating rate and the cooling rate at not less than 3°C/min. and the partial pressure of oxygen 
at not more than 10-^ atm and not less than 10-^6 atom independently act upon lanthanum manganite, and 
both exhibit the same effect of suppressing coming -in and -out of oxygen at the electrode. Therefore, when 

30 the above two measures are combined together, the dimensional shrinkage of the air electrode can be more 
effectively suppressed. 

The air electrode of the SOFC to which the present Invention is applicable includes a self-supporting type 
air electrode also functioning as a substrate and a filmy air electrode. Such an air electrode substrate is used 
as a mother material of a cell unit, and constituent parts such as a solid electrolyte film, a fuel electrode film, 

35 an interconnector, separatoir, etc. are laminated upon the air electrode substrate. In this case, the air electrode 
substrate may be shaped in a cyltndricat form with opposite ends opened, a bottomed cylindrical form with 
one end opened and the other closed, a planar form, or other form. Among them, the cylindrical form is par- 
ticularly preferred, because thermal stress is difficult to act and gas-sealing is easily effected. 

The term "lanthanum manganite" used in the specification and the claims means a perovskite type crystals 

40 in which A-sites are lanthanum and B-sites are manganese, and includes a perovskite type crystals in which 
a part of A-sites and/or B-sites are substituted by another element or other elements. An element or elements 
substituting a part of the A-sites may be preferably selected from the group consisting of alkaline earth ele- 
ments and rare earth elements. Such elements are scandium, yttrium, cerium, praseodymium, neodymium. 
promethium. samarium, europium, gadolinium. tertJium. dysprosium, holmium. erbium, thulium, ytteribium. lu- 

45 tetium. calcium, strontium, barium, and radium. 

The coefficient of thermal expansion of the air electrode must be set to near those of a solid electrolyte 
film and a fuel electrode film. When the solid electrolyte film is made of yttria-stabilized zirconia, in order to 
match the thermal expansion between the air electrode and the solid electrolyte film, the substituting amount 
of calcium at the A-sites of lanthanum manganite is preferably 1 0% to 20% or the substituting amount of stron- 

50 tium at the A-sites is preferably 5% to 15%. In this case, when the present invention is employed, the thermal 
expansion of the air electrode can not only be matched with that of the solid electrolyte, but also the dimen- 
sional shrinkage of the air electrode in the heat cycling can be suppressed. 

Furthermore, when the substituting amount of calcium at the A-sites of lanthanum manganite is set at 25% 
to 35% or when the substituting amount of strontium at the A-sltes is set at 20% to 30%, the dimensional shrink- 

55 age of the air electrode in the heat cycling can be suppressed. In additton, when 0.02% to 20% of the B-sttes 
are substituted by a metal selected from the group consisting of cobalt, magnesium, aluminum and nickel, the 
dimensional shrinkage of the air electrode in the heat cycling can be also suppressed. The above compositions 
may be combined with the operation method of the present invention. However, in this case, there is fear that 

3 
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difference in the thermal expansion between the solid electrolyte film made of yttria-stabilized zirconia and 
the air electrode may become larger, which is disadvantageous against the SOFC. 

According to the present invention, presence of impurities inevitably entering in lanthanum manganlte dur- 
ing the production of the lanthanum manganite and remaining in crystals or grain boundaries may be accept- 
able. . . J. X 

These and other objects, features and advantages of the Invention will be appreciated upon reading of 
the following description of the invention, with the understanding that some modifications, variations and 
changes of the same could be made by the skilled person in the art to which the invention pertains. 

The present invention will be explained more concretely with reference to Examples and Comparative Ex- 
amples. 
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(Experiment 1) 

As starting materials. LazOj. Mn304. and SrCOa powers were used. In each sample, given amounts of start- 
ing materials were measured to afford a composition of Lao.gSro.iMnOa. and mixed together. The resulting mixed 
powder was molded under a pressure of ^ tf/cm2 by cold Isostatic pressing, thereby producing a molding. The 
molding was thermally treated at I.SOO'^C for 10 hours in air, thereby synthesizing lanthanum manganite in 
which a part of A-sites were substituted by strontium. The synthesized product was milled in a ball mill, thereby 
preparing lanthanum manganite powder having the average particle diameter of about 5 ^m. Then, polyvinyl 
alcohol was dispersed as an organic binder into the lanthanum manganite powder, which was molded into a 
rectangular plate by uniaxially pressing. The resulting molding was fired at 1.550"C for 5 hours in air. thereby 
obtaining a sintered body. Porosity of the resulting sintered body was measured to be 34% by a water-replacing 
process. This porosity Is sufficient for a material to be used for an air electrode. 

Next, a plurality of rectangular rods each having the size: a longitudinal side of 3 mm. a lateral side of 4 
mm and a length of 40 mm were cut as experimental samples from the sintered body. Each sample was sub- 
jected to heat cycling between 200<»C and I.OOO^'C at three times. In each sample, the heating rate and the 
cooling rate were set at 1-C/mtn.(Sample 1-1). 2oC/mln.(Sample 1-2). 3«C/mln.(Sample 1-3), 7-amin.(Sample 
1-4) 10**C/min.(Sample 1-5). 12«C/min.(Sample 1-6). or 15°C/min.(Sample 1-7). In each heat cycling, the sam- 
ple was kept at a constant temperature of each of 200^0 and 1,000°C for 30 minutes. The dimension of each 
experimental sample was measured by a micrometer before and after the above heat cycling, and a dimen- 
sional shrinkage rate after the heat cycling was calculated. Results are shown In Table 1. 

Table 1 



Sample No. 


Heating rate & cooling rate (^C/mln.) 


Dimensional shrinkage rate (%/three times 

heat cycles) 


1-1 


1 


0.15 


1-2 


2 


0.11 


1-3 


3 


0.07 


• 

1-4 


7 


0.05 


1-5 


10 


0.04 


1-6 


12 


002 


1-7 


15 


0.01 



40 



45 



SO 



In Table 1. as compared with Samples 1-1 and 1-2 falling outside the scope of the present invention, the 
dimensional shrinkage rate is more conspicuously reduced in the case of Samples 1-3 through 1-7 according 
to the present invention. Particularly, in Samples 1-6 and 1-7 in which the heating rate and the cooling rate 
were not less than 12**C/min.. the dimensional shrinkage rate per one heat cycle was less than 0.01%. 



55 



(Experiment 2) 

Next, the temperature range in which the effect aimed at by the present invention can be exhibited was 
examined. 
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Same samples as used in Experiment 1 were employed, and subjected to the same heat cycling as in Ex- 
oeriment 1 The dimensional shrinkage rate of each sample after the heat cycling was calculated. In each sanrv 
ple the heating rate and the cooling rate were varied as shown in Table 2. Results are shown in Table 2. 



Table 2 



Sample No. 


Heating rate & cooling 
rate (''C/min.) 


Temperature range (*'C-**C) 


Dimensional shrinkage rate 
(%/three times heat cycles) 


2-1 


12 


200 - 600 


0.15 


1 


600 - 1000 


2-2 


1 


200 - 600 


0.02 


12^ 


600 - 1 000 



As is clear from Table 2. It is more preferable in the present Invention that the heating rate and the cooling 
rate are set at not less than S'amn. in the temperature range of 600°C to 1 .000°C. 

(Experiment 3) 

With respect to each of the same samples as in Experiment 1 . the dimensional change was measured by 
using a dilatometer. while the temperature was raised and lowered between room temperature and 1 000 C. 
At that time, the heating rate and the cooling rate were set at 2<'C/min. As a result, it was found out that the 
dimensionally shrunk phenomenon occurred in the temperature range of 900-C to 800°C during cooling. There- 
fore, it is presumed that absorption of oxygen atoms and transfer of metallic atoms occurred. 

(Experiment 4) 

The same experimental samples as prepared in Experiment 1 were used, and their dimensional shrinkage 
rates in the heat cycling were measured, whfle the partial pressure of oxygen in the atmosphere was varied. 
More specifically, an experimental sample as prepared in Experiment 1 was placed in a box-shaped abnos- 
pheric furnace, and aigon. oxygen and hydrogen were introduced into the furnace. The partial pressure of oxy- 
gen in the atmosphere was varied by adjusting the amounts of the respective gases to be fed into the furnace. 
The partial pressure of oxygen was measured by using a zirconia type oxygen sensor set at a ce^l temperafeire 
of 7(X)»C. Each sample was subjected to heat cycling at 10 times between 600°C and 1.000»C The heabng 
rate and the cooling rate in the temperature range of 600'C to 1.000-C was 2.5-C/min. or 12ymin. In each 
heat cyde the sample was kept at a constant temperature of each of 600-C and 1 .000-C for 30 minutes. The 
dimensional shrinkage rate was calculated after the heat cycling. Results are shown in Table 3. 
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In Sample 4-1 falling outside the scope of the present Invention, the dimensional shrinkage rale is far great- 
er arcomXd wit Samples 4-3 through 4-7 according to the present invention. The dimensional shnnkage 
^t'f sTp^^^ is far srSaller than that of Sample 4-1 . In Samples 4-5, 4-6 and 4-7. the average d.mensK>nal 
shrinkaae rate from the first to tenth heat cycles is not more than 0.01% per one heat cyde. 

FurtheT m^^^^^^ effects could be obtained when the heating rate and the cooling rate were^t at 
12«£mL in samples 4-11. 4-12 and 4-13. the dimensional shnnkage per one heat cycle was suppressed to 
almost zero. 

(Experiment 5) 

With respect to each sample In Experiment 1. the temperature was raised from room temperature to 
1 000 'c kep^M OOO-C for 10 hours, and coCed to room temperature. The heating rate and the cool.ng rate 
were sei at 2 5oC/min. and the partial pressure of oxygen in the atmosphere was set at 2 x "lO-i atm. The dn 
mrsronaVchanae rate between before and after the firing was measured, which revealed 0.03% shnnkage. 
Tthe oth^ ha'n^.Ti s^en from Table 3 that the dimensional shrinkage rate in the heat cycling by 10 tirnes 
S^i the f Wng wa^ 0.029«A per one heat cycle. Therefore, the shrinkage of O.030/. substant.ally corresponds 
to^e dti^Sonal shrinkage rate per one heat cyde. From the these results, it is considered that the d.men- 
Inal Shrinkage of 0.03% occurred not during when the sample was held at 1 .000»C but dunng when the sam- 
Dir^s c^Sfrom 1.000»C to room temperature. In other words, the dimensionally shrunk phenomenon tha^ 
tte^m^^ tSTir ^ectrode in the heat cycling is caused by a mechanism quite different from a mechan^m 
by which the air electrode is sintered by holding it at high temperatures. „oHo«f »hoiantha 

AS mentioned above, according to the present invention, even when the air electrode made of the lantha- 
num r^a"gante%~us Sintered boiy is subjected to the heat cycling, no dimensional shrinkage of the a.r elec 

'^'Ci "^en ^he p'oweTgreSc^Tw^hS:?^^ sol« oxide fu^ cell is used as a power-generating element 
andraf; T^^e of the Lid oxide fuel cel. is composed of '-t^^™ 

»ho ho»tina rate and the cooling rate at least in the temperature range from 600»C to 900 c at not less man 
3?:^ Jn^^case that t^hiel cell is heated up to an operating temperature at the time of starting he power 
Lnlreto ani iTthe case that the fuel cell is cooled from the operating temperature at the time of s oppmg 
?he oo,^r generetor no cracks occur between the air electrode and the other constituent elements of the fuel 
Z TrrL?ore!Sn9 service life of the power generator can be assured by the operating process of the inven- 
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tion. 

Claims 
1. 



in uiihich a solid oxide fuel cell is used as a power-generating 
A method for operating a power ' "d ^^.e^^^^^^ of lanthanum manganite. said meth- 

element and an air electrode of said sol d ox.de fuel cell is w^^^^ temperature range of 800°C 

od comprising the step of setting a he«tm9 ra^ a"d a ^^'^fj^^^^^^^^ at the time 

to 900-C at not less than 3»C/m.n. "J '^..^^^^^^ from the operating temperature at the 

0 of starting the power generator and when the fuel cell is cooiea uo 

time of stopping the power generator, 
rate are set at not more than IS^'amin. 

least in the temperature range of 600 c to i.uuu 
15°C/min. 

a support body of said solid oxide fuel cell. 
5. The po«» 8,ne,=»,-ope««n, »,.h«, dakned in a,^ 4. w.».in a,, ..«*ode has . 
shape. 

. 6. Amethodfc.ope««ngapowergeneratorinw™^^^^ 

element and an air electrode of said sohd ox.de fue^ceM '^^^-^P^^ ^ temperature range of 800-C 
Od comprising the step of setting a Pf ^''f ' not less than 10- atms but not 

to 900'C. in an atmosphere to which said ^^^^^'^^J^^^^^^^^'.^i at the time of starting 

30 r^::gr.rr^^^^^^^ 

the power generator. 

least in the temperature range of 600*>C to 1 .000 o is nux 
" . Th.po««,a.a««».<»»a.,n,™,hodaa^d,ha,,nn6.«h»«h»«a».1.c».<te.^^^ 

a support Iwdy of said solid oxide fuel cell. 
,. The p««ar ,an«a.«-op««in, n».hod da,n»d ,h a.,h> e. wha,.,h said a,r ha. a CU.d*- 

shape. 
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